A novel bis-dumbbell shape of a multi cation around a azaspirodecanium combined with nido-carborane was prepared in a single step in good yield starting from pyrrolidine and 1,3-dichloropropane to give one compound and from piperidine and 1,4-dichlorobutane to give the other. This is the first report of an electrolyte azaspirodecanium-boron-cluster structure. 1 H, 13 C, and 11 B nuclear magnetic resonance spectroscopy, Fourier transform infrared spectroscopy, and high resolution mass spectrometry (HRMS) methods revealed changes due to interactions among the functional groups. In particular, the compound was electron-rich because of its unique structure and excellent chemical reactivity.
Introduction
Nido-carborane 1 is a type of loose one boron atom defect with an open type basket structure; its precursor carborane structure is composed of ten embedded boron atoms with empty electron orbitals and two carbon atoms, confirming its active reaction. 2, 3 This structure plays an important role in the field of organic and inorganic chemistry, and is used widely in scientific research, such as metal and non-metal chelation. 4 For example, in organic medicine, the boron neutron-capture therapy (BNCT) treatment method uses an externally irradiated thermal neutron source to excite boron atoms to generate energy levels to destroy tumor cells and achieve the therapeutic goals. [5] [6] [7] [8] [9] [10] [11] In the inorganic and organic metallic directions, the physical properties of electron transfer and orbital potential energy, and the most extensive fields of coordination chemistry 12, 13 and organic light emitting diodes (OLED) 14 are the most widely studied, as shown in Figure 1 .
The applications include the following: anionic specificity, self-assembly and binding; nano medicine [15] [16] [17] [18] [19] [20] and drug metabolism, [21] [22] [23] [24] and catalysts in biological systems. In addition, diaza-polycations are widely used in detection agriculture applications. [25] [26] [27] Polynitrogen compounds with ionic polynitrogen structure can play an effective role in promoting the growth of soil and plants. [28] [29] [30] [31] Nido-carborane has attracted little research attention, particularly in the fields of polycationic adducts and applications. In this study, a new azaspirodecanium was synthesized using a simple method based on the unique structure of nido-carborane combined with reaction characteristics to easily produce high yield carborane adducts. The general procedure for the nido-carborane potassium salt substitution reaction was as follows: nido-carborane potassium salt (1.3 g, 0.6 mmol) was added to a solution of the 4-azaspiro [3.4] octan-4-ium chloride (1.9 g, 13 mmol) in distilled water (15 mL) and violent stirred at room temperature for few minutes. Then, mixture solution was filtered, washed with distilled water several times and dried to afford white solid. 
Results and Discussion
Azaspirodecanium is a tethered structure with a doublering model centered on a nitrogen atom. The structure is simple, stable, and has no conjugation effect. Therefore, it is widely used in the electrolyte of lithium batteries, 32, 33 as shown in Figure 1 . First, 4-azaspiro [3.4] octan-4-ium chloride 34, 35 and 5-azaspiro[4.5]decan-5-ium chloride 36 were obtained using conventional methods. According to the literature, 37 potassium carbonate was used as an inorganic base to react with pyrrolidine under acetonitrile conditions, and 1,3-dichloropropane and 1,4-dichlorobutane were then added dropwise. The resulting compounds were cyclized using a one-pot method to obtain the ideal intermediate in 89 and 86% yield.
The facile synthesis of nido-carborane has been reported. 38, 39 Referring to these documents, we adopted a mild method which used the ethanol as a solvent to give the nido-carborane potassium salt in ideal yield. Finally, the corresponding two intermediates were stirred in distilled water to form a target product bis(4-azaspiro 11 B spectra of azaspirodecanium-nido-ortho-caboranes.
good yield. The effects of the synthesized compounds on the chemical reaction showed outstanding stability. In particular, both compounds could be generated under relatively gentle conditions, e.g., in water. Further studies to characterize the physical properties of bis(azaspirodecanium)-nido-carborane are currently underway.
Supplementary Information
Supplementary information ( Figures S1-S10 ) is available free of charge at http://jbcs.sbq.org.br as PDF file.
